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(54) Ink-jet recording method and printed recording medium 



(57) Disclosed herein is an ink-jet recording method 
in which recording is conducted with an ink comprising 
a pigment component on a recording medium compris- 
ing a substrate and a porous layer including polymer 
particles provided thereon, the method comprising, in 
the case where the pore diameter distribution of the 
porous layer including polymer particles and the particle 
diameter distribution of the pigment component are both 
expressed in terms of frequency distribution, the steps 



of forming an image upon controlling a proportion of the 
frequency of the pore diameter of the porous layer 
including polymer particles, which overlaps the particle 
diameter distribution of the pigment component, to the 
frequency of the whole pore diameter of the porous 
layer including polymer particles to from 0 .1 % to 10 % ; 
and heat-treating the porous layer including polymer 
particles after the formation of the image. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

[0001] The present invention relates to an ink-jet recording method which is suitable for the formation of images using 
inks containing a pigment component, and a print obtained by the ink-jet recording method. 

io Related Background Art 

[0002] An ink-jet recording system is a recording system in which minute droplets of an ink are ejected by any of var- 
ious working principles to apply them to a recording medium such as paper, thereby making a record of images char- 
acters and/or the like, and has quickly spread as a recording system for recording apparatus of various images in 
is various applications including information instruments because it has features that recording can be conducted at high 
speed and with a low noise, color images can be formed with ease, recording patterns are very flexible, and develop- 
ment and fixing processes are unnecessary. Further, it begins to be applied to a field of recording of full-color images 
because images formed by a multi-color ink-jet recording system are comparable in quality with multi-color prints by a 
plate making system and photoprints by a color photographic system, and such records can be obtained at lower cost 
so than the usual multi-color prints and photoprints when the number of copies is small. With the improvement in record- 
ability such as speeding up and high definition of recording and full-coloring of images, recording apparatus and record- 
ing methods have been improved, and recording media have also been required to have higher properties. In order to 
satisfy such requirements, recording media have been variously improved so as to meet objects, applications and inks 
[0003] In the ink-jet recording system, droplets of an ink are ejected at high speed from a nozzle toward a recording 
25 medium. Since the ink contains a great amount of a solvent such as water or a mixed solvent of water and an organic 
solvent, a large amount of the ink is required to achieve a high color density. Since the ink droplets are continuously 
ejected, a beading phenomenon that the ink droplets fuse with each other, and dots of the ink aggregate may occur 
after a first droplet is ejected, resulting in disorder of an image. Therefore, ink-jet recording media are required to com- 
bine great ink-absorbing capacity with high ink-absorbing speed. 
so [0004] Therefore, a great number of recording media, in which a porous layer comprising inorganic particles is formed 
have been proposed. For example, in Japanese Patent Application Laid-Open No. 2-276670, a porous layer comprising 
an alumina hydrate is provided on a substrate for the purpose of enhancing absorbency, color reproducibility and reso- 
lution. Japanese Patent Application Laid-Open No. 4-101880 proposes a recording medium in which an ink- fixing layer 
is formed with a resin, which is transparent and dissolved in or swelled with a solvent contained in an ink on a substrate 
w [0005] In the ink-jet recording system, inks of the type that a dye component is dissolved in a solvent have heretofore 
been often used. However, in the case where a dye-based ink is used, the resulting print involves a problem that since 
the print is naturally poor in light fastness and ozone fastness, it undergoes fading or color change when it is stored for 
a long period of time. Therefore, Japanese Patent Application Laid-Open No. 58-136482 and U.S. Patent No. 5,374,475 
propose recording media in which a porous layer comprising a thermoplastic polymer material is provided on a sub- 
o strate, and the porous layer is melted by the action of heat and pressure after printing to make the porous layer dense 
[0006] Japanese Patent Publication No. 2-3 1 673 proposes a recording medium having an ink-receiving layer of a two- 
layer structure in which a layer of an inorganic pigment having a great ink-absorbing capacity is formed on a substrate, 
and an ink-receptive layer comprising an organic thermoplastic polymer is provided as the outermost layer. 
[0007] On the other hand, pigment inks have been recently spread in place of the dye-based inks for the purpose of 
s solving the problems of light fastness, water fastness and ozone fastness and providing images of higher optical den- 
sity, and also applied to the ink-jet recording system. 

[0008] In the case where a pigment ink is used, a problem that the resulting print becomes poor in rub^off resistance 
and water fastness when the image is exposed on the surface of a recording medium arises because a pigment con- 
tained in the ink is not dissolved in a solvent. Therefore, a mechanism that the pigment is captured and fixed is required. 
> There is known a system that a polymeric fixing agent is contained in an ink in addition to a pigment component to fix 
the pigment by the polymeric fixing agent upon the impact of the ink. However, this system must be still improved to 
achieve high fixing ability. A recording liquid making combined use of a pigment and a dye is known from the viewpoint 
of providing images of high optical density. 

[0009] Media suitable for pigment inks have been proposed in Japanese Patent Application Laid-Open Nos 8- 
230308, 9-30 11 6. 9-66660 and 9-123593. 

[001 0] However, the above<Jescribed prior arts have involved the following problem. Since a marked difference in par- 
ticle and molecular sizes lies between pigments and dyes, mechanisms of fixing or adsorbing them differ greatly. There- 
fore, recording media suitable for use in dye-based inks are not always applicable to pigment inks. For example, when 
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printing is conducted on the recording medium described in Japanese Patent Application Laid-Open No. 2-276670, por- 
tions, on which a pigments 200 and a dye 201 are deposited and exposed on the surface of the recording medium 302 
as illustrated in Fig. 9, are formed when respective inks are ejected in great amounts, so that sufficient rub-off resist- 
ance and water fastness cannot be achieved in the resulting image. When printing is conducted on the recording 

s medium described in Japanese Patent Application Laid-Open No. 4-1 01880, the viscosity and strength of the resin por- 
tion are continuously reduced due to the dissolution or swelling of the resin portion in or with a solvent in an ink, and 
ink-absorbing speed is slowed, so that its sticking and separation by contact occur. In addition, the color density of the 
resulting image is also insufficient. When printing is conducted on the recording medium described in Japanese Patent 
Application Laid-Open No. 58-136482 or U.S. Patent No. 5,374,475, coloring materials, both pigment component and 

io dye component, are trapped in a microporous layer through a microporous structure. Therefore, the pigment compo- 
nent 200 large in particle diameter is dispersed and arranged by halves in pores in the resin layer 402 as illustrated in 
Fig. 10, so that the optical density of the resulting image cannot be enhanced even when the amount of the ink is 
increased. 

[001 1 ] The recording medium described in Japanese Patent Publication No. 2-31 673 is designed so as to achieve a 
is more sufficient ink-absorbing capacity, but not intended to be applicable to pigment inks as well. More specifically, since 
correlation between a pigment and the size of pores in the resin layer is not optimized, the pigment component in the 
pigment ink is dispersed and arranged in pores in the resin layer provided on the inorganic pigment layer, so that the 
optical density of the resulting image cannot be enhanced even when the amount of the ink is increased. 
[001 2] Some problems are involved in the above-described media suited to pigment inks as well. 
20 [001 3] In Japanese Patent Application Laid-Open No. 8-230308, a porous undercoat layer having a pore size of the 
submicron order is provided on a substrate, and an overcoat layer containing plastic beads and having pores of the 
micron order is provided thereon to trap a pigment forming an image in the pores of the micron order in the overcoat 
layer. However, since the pigment trapped is dispersed in a vertical direction of the overcoat layer to penetrate thereinto, 
it is difficult to realize a high optical density of image. In addition, since the pigment only penetrate into the pores in the 
25 overcoat layer, and is not fixed, the recording medium has involved a problem that the resulting print is lacking in long- 
term reliability upon its storage. 

[001 4] In Japanese Patent Application Laid-Open No. 9-30 1 1 6, a surface layer 603 having pores through which a pig- 
ment 200 passes, and an ink-holding layer 602 are provided on a transparent substrate 601 as illustrated in Fig. 1 1 . In 
this medium, the pore volume and pH of the surface layer are adjusted so as to conduct printing with a pigment ink from 

30 the side of the surface layer 603, and an image formed is observed from the side of the transparent substrate 60 1 . How- 
ever, the medium involves a problem that when characters are printed, an apparatus for printing ret lected-image char- 
acters and a pretreatment of the image are required- In addition, since the surface layer 603 has the pores of the size 
that the pigment can pass through, the transparency of the surface layer 603 is lowered, and so the medium has been 
not suitable for a recording medium of the transmission type such as OH P. 

35 [001 5] In Japanese Patent Application Laid-Open No. 9-66660, a porous alumina hydrate layer is provided as a lower 
layer on a substrate, and another porous layer having a smaller average pore diameter than the porous alumina hydrate 
layer is provided thereon. In this medium, the upper layer controls an ink-absorbing speed to uniformly disperse and 
absorb a pigment ink. However, the ink-absorbing speed of the upper layer is slow, and so problems such as feathering 
have arisen when a large amount of the ink is ejected. 

40 [0016] In Japanese Patent Application Laid-Open No. 9-123593, a porous alumina hydrate layer having a thickness 
of 1 to 200 is provided on a substrate, and a water-solubfe resin layer having a thickness of 0.01 to 50 urn is provided 
thereon to absorb a solvent in an ink and swell, thereby moderately controlling a drying speed. However, this medium 
has involved problems that the medium takes a long time from the swelling to the drying, and that feathering occurs 
when a large amount of the ink is ejected. 

45 

SUMMARY OF THE INVENTION 

[001 7] With the foregoing problems in view, it is an object of the present invention to provide an ink-jet recording 
method, by which even when a pigment ink comprising a pigment component as a coloring material is used, the pig- 
50 ment can be uniformly fixed to achieve a high optical density of image, and a print obtained by such an ink-jet recording 
method. 

[0018] The above object can be achieved by the present invention described below. 

[0019] According to the present invention, there is thus provided an ink-jet recording method in which recording is 
conducted with an ink comprising a pigment component on a recording medium comprising a substrate and a porous 
55 layer including polymer particles provided thereon, the method comprising, 

in the case where the pore diameter distribution of the porous layer including polymer particles and the particle 
diameter distribution of the pigment component are both expressed in terms of frequency distribution, controlling a 
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layer including polymer particles to from 0.1 % to 10 % to form an image; and 
heat-treating the porous layer including polymer particles after the formation of the image. 

In°H 2 f L A CC ° rdin9 '? 4,18 P,SS8nt inVentitn ,h6re iS alS0 p ™' ded a prin1 on a recordin 9 ™dium comprising a substrate 
££%T T ^ P 7 ided ° n * he SUbStrate ' Wher6in 8 pi9ment com P onent in an ink is ft* in tnTvilTyrtThe 
, 1 P °' ymer reS ' n ' ayer ' and a dye «w*onent in the ink is fixed on the substrate 

El a ™ 2£ ,he rH eS6nt inven,i0n '. ,here is ^ P™*" a print on a recording medium comprising a sub- 
state, a porous layer including inorganic pigment and a polymer resin layer successively formed on the substrate 
wherein a pgmen. component in an ink is fixed in the vicinity of the surface of the pJnernaX J3 a *e <£m 
ponent in the ink is fixed into the porous layer including inorganic pigment ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

mLi^ a JrH S " Se ! ti T' V L eWillUS,ratin9an ^P^nt obtained by printing with a pigment ink on a recording 
medium according to the ink-jet recording method of the present invention 

reLdin/mXm^' "''T^" 9 print obtained * P rin « n 9 • lament ink on a 

recording medium according to the .nk-jet recording method of the present invention 

Fig. 3 is a cross-sectional view illustrating an exemplary recording medium used in the present invention 

Rn \ I ?r S " SeCll T' ( V T illUStra,in9 an0ther exemplary recorclin9 medium in »»• Present invenfon. 
Fig. 5 is a p an v,ew ,1 ustratrng an example of the relationship between a pigment in an ink and a porous layer 
including polymer particles of a recording medium. Y 

mnl d ! a9 a nT a,i ^' ly I" 3 * 3 ' 63 a " 6X3,11,316 « * e rela «°^iP between the particle diameter of a pigment com- 

R Q 7 r a ;„ 1 e r Sent inVen,i ° n and thS POfe diame1er ° f a porous la ^ ind ^"9 Poller partides. 
Rg. 7 ustra tes examples of a printing pattern for evaluation used in Examples of the present invention. 

Ro 9 S « fn ° f . a ^ rin,in9 Pattem ' 0r eValua,ion used in Examp,es of •» P res ent invention. 

Rg. 9 illustrates an exemplary print obtained by printing with a pigment ink on a conventional recording medium 

method cross-sectional view illustrating another exemplary print obtained by a conventional recording 

Rg. 1 1 illustrate a further exemplary print obtained by another conventional recording method. 
35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

!S i„£ I SatUre °' ,he Pr6Sem inV6n,i0n r6sk3es in an ink -' et recordin 9 melhod - by which when printing is conducted 
^^■TE™? a H P ' 9mem CO,T,p0^en, 35 3 main COmponent °' a co,orin 9 material, me pigment is uniformly ffced 
« Ls^« . '' rf denSI,y ° ,ima ° e ^erfeatureresidesinaprintwhichhasexcellentwaterfastnessandlS 
« fastness is capable of storing for a long period of time and achieving good rub-off resistance though an ink relatively 

o a o 2: ITTT r Sa,iSfaC,0ri ' y 6Xhibi,S the effeCte br0U9ht about b * enhancing'the concenS 
of a pigment n the ink, and realizes a high optical density of image and excellent color tone. The present invention has 

* ,ur,he r investigating findings obtained by experiments by the present inventors 
, n Ztl ? 6 Pr6Senl inVenti ° n wi " hereinafte '- be described by the preferred embodiments. 
45 n? 1 ,' 98 ' 1 ^ 2 illUStra,e eXamP ' eS ° f he Print aCCOrdin 9 to ,he P^sent invention. In Fig. 1. reference numeral 
ZrtTZ Vf S,rafe 02 iS 8 P °' ymer feSI ' n ' ayer <0rmed in, ° a film b * heati "9 a porous layer including polyL 
pa tides. 200 -s a pigment component fixed, and 201 is a dye component fixed. Referring to Fig. 2, a porous layer 
includmg .norgamc p,gment 103 is provided between the substrate 101 and the polymer resin layer 102 in wnTch the 

so Z onl C , 0 r nen, | *" ViCini ' y °' ,h6 SUriaC8 °' ,h9 faSin layer 102 ' and *° «"^onen« 20 isttd on 

so the porous layer including inorganic pigment 103. 

[0026] In the present invention, the pigment component 200 in the ink is uniformly arranged and fixed in the vicinity 
" h 8 *^ T rean 102 ' Th6refore ' the tra " smi »i°n of light through the image is prevented as 
much as possible even when printing is conducted over a wide range like solid printing, so that a print on which an 

nSnS « S u 6 mak,n9 ° ood US6 ° f Cp,ical ******* is provided. The term "transparent polymer 

meanS 3 . ay6r haVi " 9 9 ' i9ht transmi « anc e ° f a « 'east 50 %, preferably 85 % or hETh 
ZZZXZ I,' dyS C0 T T* ' S, : Xed ° n 416 SUbStra ' e 101 " ,he O 0 ™ 5 ^ includin 9 '"organic pigment 103, the 
optical density of image .s further enhanced to achieve excellent color tone, and moreover the fading or color change 
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characteristically occurred in the dye component can be prevented because the dye component is covered with the pol- 
ymer resin layer 102. Since the polymer resin layer 1 02 is formed by heat-treating a porous layer including polymer par- 
ticles to make it dense, a molten resin penetrates into the pigment component uniformly arranged at the same time as 
the denstf ication, and the resin and pigment component strongly unite after cooling, so that the print comes to have high 
s rub-off resistance and water fastness. . 

[0027] Recording media used for providing such prints as illustrated in Figs. 1 and 2 are those illustrated in Figs 3 
and 4 respectively In Figs. 3 and 4, reference numeral 104 indicates the porous layer including polymer particles to be 
formed into the polymer resin layer by heating. Reference numerals 101 and 103 are a substrate and a porous layer 
including inorganic pigment, respectively. y 
w £028] Fig. 5 schematically illustrates the porous layer including polymer particles viewed from the ink-impact surface 
The porous layer including polymer particles is formed in a porous matrix structure. Voids in the porous matrix structure 
correspond to pores. In Fig. 5. reference numeral 901 indicates a polymer resin particle, 902 is a pore and 200 is a 
pigment component impacted. K * 

[0029] When an ink is impacted on the porous layer including polymer particles according to the present invention a 
is solvent in the ink passes through the pores 902 to be absorbed into the porous layer including polymer particles since 
the relat.onsh, P between the pore diameter of the porous layer including polymer particles and the particle diameter of 
me pigment component in the ink is optimteed. However, the pigment component 200 does not pass through the pores 
but * acsoftoed and arranged in the vicinity of the surface of the porous layer including polymer particles. Namely, the 
porous lover .ncludmg polymer particles 104 functions as a layer that is permeated by the solvent in the ink and more- 
a <*c* at. a pgment component-retaining layer for fixing the pigment component. More specifically, the resin layer plays 
a -o* of w that is permeated by water (solvenl) in the ink, but not permeated by the pigment component At this 
relationship between the pore diameter of the porous layer including polymer particles and the particle 
c^m* of tr* pigment component is expressed by the pore diameter distribution of the porous layer including polymer 
0*1*3* anri r» particle diameter distribution of the pigment component, the role as "filter" is developed by controlling 
- tr>* «, * overlapping between both distributions in terms of frequency distribution as illustrated in Fig 6 More spe 
crtcafl, even when the ink contains a great amount of a pigment component having a relatively small particle diameter 
* me pa/ tele dimeter distribution, the effect of the filter that the pigment component is successfully held and arranged 
and ne solvent permeates is achieved by controlling a proportion of the frequency (frequency of an area A) of the pore 
aamet* of me porous layer including polymer particles, which overlaps the particle diameter distribution of the pigment 
^ t0 frequency of tne wh0,e P° re diameter of the porous layer including polymer particles to from 0 1 % 

hnn m "In * ^ **" °' 1 % ' the P ermeation of solvent in the ink is inhibited. If the proportion is 
h.gner man io /o, the effect for uniformly arranging the pigment component is lowered. It is more preferred that the 
degree of overlapping be 5% or lower. 9 

< KJ 1 * P « 6 u erred ^ P ° re diSmeter ° f me P0r0us layer includin 9 V°\y™& particles be within a range of from 
be enhanced. If pores of greater than 300 nm are present, the degree of overlapping with the particle diameter of the 
{XT' C ^ ponenUn the ink is in^eased, so that the effect for uniformly arranging the pigment component is lowered. 
[0031 ] The pores in the porous layer including polymer particles may be distributed in such a manner that their pore 
diameters are gradient from a surface layer portion through an intermediate layer portion to a lower layer portion In par- 

> tcuiar. when the pore diameter of the porous layer including polymer particles within a range of from the surface of me 
porous layer .nclud.ng polymer particles to the depth of 5 nm is controlled to 100 nm or smaller, the effect for uniformly 
arranging the pigment component in the vicinity of the surface of the porous layer including polymer particles is further 
enhanced In addition, when the pigment component is controlled to be present within a depth of 1 M m from the sarface 
the optical density of an image formed on the resulting recording medium can be further enhanced. Incidentally me 
measurement of the pore diameter distribution is conducted in accordance with the mercury intrusion porosimetry [the 
details are described in literature such as E. W. WASHIBURN, Proc. Natl. Acad. Sci. 7, p. 1 15 (1921)] after vacuum- 
drymga record.ng medium sample obtained by forming a porous layer including polymer particles on a PET film for at 
Chem Soc'ts ^7^5^ * * ^ * accordance with *» «V Barrett et al. [J. Am. 

[0032] On the other hand, the term "particle diameter of the pigment component" as used herein substantially means 
a diameter of an aggregate of primary particles. The particle diameter distribution of the pigment component used in an 
ink-jet system ,s generally within a range of from 30 to 500 nm, preferably from 60 to 200 nm. In the present invention 
nn^ c k met6r ° f ? 9mSnt Pai1ideS te measured in accordance with the centrifugal sedimentation method. ' 
0033 Such pores in the porous layer including polymer particles as described above can be obtained by optimizing 

andthe iTe am ° n9 ^ * ^ PartiC ' 6S USed ' drying conditions - fi '™ * icknes * 

[0034] In the present invention, particles of a thermoplastic resin are used to form the porous layer including polymer 
particles. The resin particles are used in the form of an aqueous or non-aqueous dispersion or suspension, or a colloi- 
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dal solution in a solvent or water. 

[0035] Examples of such resin particles include particles of polyester, polyethylene, polyurethane styrene-acrylic 
copolymers, polyacrylic acid esters, polymethacrylic acid esters, ethylene-vinyl acetate copolymers, polystyrene and 
polyvinyl chloride. However, the present invention is not limited to these resins. Besides, those obtained by modifying 
5 these resins, and copolymers of these resins with other monomers may be used. These resins may be used either sin- 
gly or in any combination thereof as desired. 

[0036] The form of the resin particles may be either spherical or needle. However, they are preferably in the form near 
a sphere in order to form a porous layer including polymer particles having more uniform pores. 
[0037] The resin particles preferably have an average particle diameter of 0.1 to 5.0 urn. If the average particle 
10 diameter of the resin particles is smaller than 0.1 urn, any pore having a pore diameter of 10 nm or greater cannot be 
obtained, so that no porous layer including polymer particles having good ink absorbency and ink permeability can be 
provided. Therefore, the resulting recording medium causes ink overflowing and feathering or bleeding upon printing. If 
the average particle diameter of the resin particles exceeds 5.0 |im, pores having a pore diameter of 300 nm or greater 
come to exist in plenty in the resulting porous layer including polymer particles. Therefore, upon printing, a part or a con- 
15 siderably large amount of a pigment component in an ink diffuses in the interior of the porous layer including polymer 
particles, and so the pigment component cannot be trapped and arranged in the vicinity of the surface of the porous 
layer including polymer particles. Therefore, the image formed becomes low in color density and dull because the pig- 
ment component is present with scatter. The average particle diameter of the resin particles is more preferably within a 
range of from 0.2 to 3.0 ^m. 
so [0038] The minimum film-forming temperature of the resin particles is preferably within a range of from 40 o C to 1 50°C. 
The minimum film-forming temperature means the minimum temperature at which the resin particles can be formed into 
a uniform film when they are applied and heated. In the present invention, the resin particles are uniformly applied to 
form a porous layer including polymer particles. Therefore, it is necessary to heat and dry the coating layer under such 
conditions that the resin particles are fusion-bonded to one another to a degree that the coating layer has a certain film 
25 strength, so as to form a porous matrix structure. In the present invention, the porous matrix structure is such that the 
polymer resin particles are partially bonded to one another by heating to form a matrix structure, and voids among the 
particles other than the matrix are utilized to absorb an ink, and is different from the structure of the porous layer includ- 
ing inorganic pigment, in which inorganic particles themselves have pores, and the pores are utilized to absorb the ink. 
Therefore, if the minimum film-forming temperature is lower than 40°C, the resin particles tend to be formed into a 
so dense film when they are applied and dried, so that the porosity is lost. As a result, the permeation of not only the pig- 
ment component in the ink, but also water is prevented, and so the resulting recording medium causes ink overflowing 
and feathering or bleeding upon printing. In order to prevent such resin particles from being formed into a dense film, 
the drying temperature may be lowered. However, a solvent in the dispersion or colloidal solution coated becomes hard 
to be dried, so that it takes a long time to dry the coating layer. If the minimum film-forming temperature exceeds 1 50°C, 
35 it is necessary to conduct a heat treatment after formation of an image at a high temperature, so that problems of 
decomposition, oxidation and/or coloring of the substrate, porous layer including inorganic pigment, and pigment and 
dye in the ink arise. The more preferable minimum film-forming temperature is from 50°C to 130°C. 
[0039] The thickness of the porous layer including polymer particles is preferably from 1 u m to 40 urn. If the thickness 
is smaller than 1 u m, such a resin film cannot fulfill the role as the ink-absorbing layer, and moreover its function of fixing 
40 the pigment component is also lowered. More specifically, the reason why a pigment component in an ink can be fixed 
in the present invention is as follows. When printing is conducted with the ink, the ink is first uniformly arranged in the 
vicinity of the surface of the porous layer including polymer particles. As the quantity of the ink ejected, or the concen- 
tration of the pigment component is increased, the pigment component itself more closely overlaps each other on the 
surface of the porous layer including polymer particles after impact of the ink, whereby the pigment component is uni- 
45 formly arranged with a dense layer formed. At this point of time, the resin particles of the resin layer are not bonded to 
the pigment component. When the printed area is rubbed in this state, the arranged pigment component is naturally 
separated. In the present invention, however, the resin particles forming the porous layer including polymer particles are 
melted around the pigment component uniformly arranged by heating after the printing, and bonded to the pigment 
component. At this time, the resin particles are not enough to be bonded to the pigment component if the thickness of 
so the porous layer including polymer particles is not sufficient, so that an unfixed pigment component remains. In the 
present invention, the viscosity of the resin particles is lowered by the heating, so that the resin particles penetrate in a 
molten state into voids defined among the particles of the pigment component arranged to fulfill the role of a binder to 
bond the particles of the pigment component to each other. The molten resin particles are allowed to penetrate into the 
voids of the pigment component in the ink sufficiently and to cover further the surface of the pigment component sug- 
55 giciently. by forming the porous layer including polymer particles in a sufficient thickness. When an ink containing a dye 
component is used, the effects of the resin layer on fight fastness and ozone fastness are also reduced if the thickness 
is too thin. On the other hand, if the resin layer is too thick, it may crack in some cases upon drying, so that its strength 
is lowered, and the evenness of the coating film is impaired. As a result, the transparency thereof, and the brightness 
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of an image formed on the resulting recording medium are also lowered. The thickness of the porous layer including 
polymer particles is more preferably from 3 jim to 30 

[0040J ■ The heat treatment for making the porous layer including polymer particles dense is carried out in a hot-air 
drying oven or infrared drying oven, or on a hot plate, which is commonly used. These devices may be used in combi- 

5 nation. The heating may be conducted from the front side, back side or both sides of a print. Pressing may be used in 
combination with the heat treatment. At this time, the melting by the heat treatment is facilitated by the pressing. There- 
fore, the densification of the resin layer is accelerated, so that the treatment can be conducted in a shorter period of 
time. Specifically, a coated substrate is passed through heated rolls used in lamination and the like and then through 
cooling rolls to complete the heat treatment. When the surface of each roll is planished, a smoother surface may be pro- 

io vided. When the surface of each roll is roughened on the other hand, a matted surface may also be provided. 

[0041 ] No particular limitation is imposed on the concentration of the polymer resin particles in a coating formulation. 
However, the resin particles may be suitably used in a concentration of 5 to 50 % by weight. A small amount of a poly- 
mer component functioning as a binder may be added to the polymer resin particles. 

[0042] No particular limitation is imposed on the coating method of the polymer resin particles, and the coating may 
is be conducted by a roll coater, air knife coater, blade coater, bar coater, gravure coater, rod coater or the like. The drying 
is conducted at a temperature lower than the minimum film-forming temperature of the polymer resin particles by a hot- 
air drying oven, infrared drying oven or the like commonly used, or any combination thereof. 

[0043] No particular limitation is imposed on the substrate 101 used, and various kinds of substrates may be used. 
Examples of usable substrates include paper webs such as suitably sized paper, water leaf paper and resin-coated 

20 paper, resin films or sheets, cloths, glass and metals. In the case of the resin films or sheets, may be used transparent 
films or sheets composed of polyester, polystyrene, polyvinyl chloride, polymethyl methacrylate, cellulose acetate, pol- 
yethylene or polycarbonate, as well as opaque films or sheets opacified by the filling of an alumina hydrate, titanium 
white or the like, or the formation of minute foams. When a transparent film is used as the substrate, the' resulting 
recording medium can also be used as a sheet for OHP (overhead projector) or in the formation of medical images as 

25 an X-ray film or the like. When an opaque plastic film containing a white pigment, or paper is used as the substrate, the 
resulting recording medium can also be used in a field of photographic images like photoprints. Further, various kinds 
of color pigments may be contained in a substrate to make it translucent or colored, thereby controlling the color tone 
of the whole image. 

[0044] The substrate may be subjected to a surface treatment such as a corona discharge treatment for improving its 
so adhesiveness to the ink-receiving layer, or provided with an easy-adhesive layer as an undercoat. Further, a curl-pre- 
venting layer such as a resin layer or a pigment layer for preventing curling may be provided on the back surface of the 
substrate or at a desired position thereof. 

[0045] No particular limitation is imposed on the thickness of the substrate as well. However, it is preferably from 5 
urn to 500 jim. The thickness of the substrate may be suitably selected as necessary for the end application intended. 

35 [0046] As a recording medium capable of realizing higher image density and higher gradation, there is considered a 
recording medium comprising a substrate 101 , and a porous layer including inorganic pigment 103 and a porous layer 
including polymer particles 104 successively formed on the substrate 101 as illustrated in Figs. 2 and 4. When the 
recording medium illustrated in Fig. 4 is used in the present invention, high absorbing ability is achieved because the 
relationship between the absorbing capacity and absorbing speed of the porous layer including polymer particles 104 

40 and the porous layer including inorganic pigment 103 is optimized. Namely, the recording medium can also be used in 
printing by a printer from which a great amount of an ink is ejected. Therefore, an image high in optical density of image 
and gradation can be provided. More specifically, the absorbing capacity of the porous layer including inorganic pigment 
103 of a lower layer is made greater than that of the porous layer including polymer particles 104 of an upper layer, 
whereby most of a solvent is absorbed in the porous layer including inorganic pigment 103, so that the solvent is pre- 

45 vented from running in lateral directions in the porous layer including polymer particles 104. A dot diameter of the ink 
impacted can be optimized by adjusting the balance of ink absorption among all the layers in such a manner, so that 
the high optical density of image obtained by the pigment component can be secured without any impairment. Besides, 
the absorbing speed of the porous layer including polymer particles 104 of the upper layer is made higher than that of 
the porous layer including inorganic pigment 103 of the lower layer, whereby the solvent in the ink impacted can be 

so transferred to the lower layer immediately after printing, so that a possibility of feathering at the surface can be further 
reduced, and an image higher in resolution can be formed. 

[0047] The porous layer including inorganic pigment 1 03 functions as an absorbing layer for the solvent component 
in the ink and moreover as a fixing layer for a dye component when the ink contains the dye component, and assumes 
most of the ink absorption by the whole ink-absorbing layer of the recording medium. Therefore, it is desirable to have 
ss a great ink-absorbing capacity in particular. 

[0048] In order to secure a sufficient ink-absorbing capacity, it is necessary to adjust the pore diameter of the porous 
layer including inorganic pigment. At this time, it is desirable that the average pore diameter be 20 nm or smaller, and 
any pore exceeding 20 nm be substantially not present. If the average pore diameter exceeds 20 nm, light scattering 
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occurs on the resulting porous layer including inorganic pigment, so that the transparency of the recording medium is 
impaired, and moreover an image formed thereon by printing becomes wMy. Therefore, such a great average pore 
diameter is not preferred. Incidentally, the pore diameter distribution is determined by the nitrogen adsorption and des- 

orption met hod. 

5 [0049] In order to adjust the absorbing capacity, it is desirable that the total pore volume of the porous layer includinq 
inorganic pigment be within a range of from 0. 1 to 1 .0 cc/g, preferably from 0.4 to 0.6 cc/g. If the pore volume of the 
porous layer including inorganic pigment is greater than the upper limit of the above range, cracking and dusting tend 
to occur up 0n ^ formation of porous , ayer |ncWing jnorganic pjgment |f ^ ^ fe ^ ^ ^ 

hrni of the above range, the porous layer including inorganic pigment becomes poor in ink absorption. It is also desira- 
w ble that the pore volume per unit area of the porous layer including inorganic pigment be at least 8 cc/m 2 . If the pore 
volume per unit area is smaller than this limit, the ink-absorbing ability assumed by the porous layer including inorganic 
pigment becomes insufficient, so that inks tend to run out of the porous layer including inorganic pigment when multi- 
color printing is conducted in particular, and so bleeding occurs on an image formed. The BET specific surface area of 
he porous layer including inorganic pigment is preferably within a range of from 20 to 450 m 2 /g. If the BET specific sur- 
'i face area is to small, the haze degree of the porous layer including inorganic pigment increases, so that an image 
tocmed thereon tends to wear a white haze. If the BET specific surface area is too great on the other hand, the porous 
ia> er including inorganic pigment tends to crack. 

[0050] The porous layer including inorganic pigment is desirably formed on the substrate as a layer composed of inor- 
9.vk ogment particles bound by a binder. The inorganic pigment particles are preferably porous particles. The particle 
oamotcf thofoof .s preferably from 20 to 500 nm. For example, when particles having a particle diameter smaller than 
k>~* i™ oi the above range are used, the resulting porous layer including inorganic pigment may tend to crack in 
cam When particles having a particle diameter greater than the upper limit of the above range are used on the 
ctn* than hght scattering occurs on the resulting porous layer including inorganic pigment, so that the haze degree 
rrvw ao* fl nd an image formed thereon becomes whity as a whole. Specific examples of the inorganic pigment 

.ncnxv cataum carbonate, kaolin, talc, calcium sulfate, barium sulfate, Mania, zinc oxide, zinc carbonate, aluminum sil- 
icate alumna ^ aiQt SiUac acidi sodium rnagnesium silicate, calcium silicate and silica. These pigments may 
be used either singly or in any combination thereof. 

[0051] Examples of a pigment preferably used from the viewpoints of ink absorbency and resolution in particular 
.nciuce siica and alumina hydrate. As the silica, there may be used any of natural silica, synthetic silica, amorphous 
' Sl1 and ch « n, »ea«y modified silica compounds. However, silica having a positive charge is particularly preferred 
[0052] S*nce the alumina hydrate has a positive charge, a dye in an ink is well fixed thereto, and an image high in 
gloss and good in coloring can hence be provided. In addition, an ink-receiving layer comprising such an alumina 
hydrate has a low haze degree and high transparency compared with ink-receiving layers using another pigment 
Thejelbf *tne alumina hydrate is more preferred as a pigment used for the porous layer including inorganic pigment. 
[0053] The alumina hydrate used in the present invention is represented by the general formula 

AI 2 0 3 . n (OH) 2n .mH 2 0 

where.n n rs an integer of 0. 1 , 2 or 3, and m is a number of 0 to 10, preferably 0 to 5. In many cases, mH 2 0 represents 
an aqueous phase which does not participate in the formation of a crystal lattice, but is able to be eliminated. Therefore 
m may take a value other than an integer. Besides, m may take a value of 0 when this kind of alumina hydrate is calci- 
nated. 

[0054] As an alumina hydrate useful in the practice of the present invention, may preferably be used an alumina 
hydrate described in Japanese Patent Application Laid-Open Nos. 5-125437, 5-125438, 5-125439 or 6-114571. 
[0055] The pore properties of the alumina hydrate are adjusted in the course of its production. In order to meet the 
BET specific surface area and pore volume required of the porous layer including inorganic pigment. H is preferred to 
use an alumina hydrate the pore volume of which is within a range of from 0. 1 to 1 .0 ml/g. If the pore volume of the alu- 
mina hydrate .s outside the above range, it is difficult to adjust the pore volume of the porous layer including inorganic 
pigment within the above-specified range. 

[0056] An alumina hydrate having a BET specific surface area within a range of from 40 to 500 m 2 /g is preferably 
used. If the BET specific surface area of the alumina hydrate is outside the above range, it is difficult to adjust the BET 
specific surface area of the porous layer including inorganic pigment within the above-specified range. 
[0057] A binder used in combination with the above pigment is preferably a water-soluble or water-dispersible poly- 
mer. Preferable examples thereof include polyvinyl alcohol or modified products thereof (cationically modified, anioni- 
cally modified, silanol modified), starch or modified products thereof (oxidized, etherrfied). gelatin or modified products 
thereof, casein or modified products thereof, gum arabic, cellulose derivatives such as carboxymethyl cellulose, hydrox- 
yethyl cellulose and hydroxypropylmethyl cellulose, conjugated diene copolymer latexes such as SBR latexes, NBR 
latexes and methyl methacrylate-butadiene copolymers, functional group- modified polymer latexes, vinyl copolymer 
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latexes such as ethylene-vinyl acetate copolymers, polyvinyl pyrrolidone, maleic anhydride polymers or copolymers 
thereof, and acrylic ester copolymers. These binders may be used either singly or in any combination thereof. 
[0058] The mixing ratio of the pigment to the binder may be optionally selected from a range of from 1 :1 to 30:1 , pref- 
erably from 5:1 to 25:1 so far as the BET specific surface area and pore volume of the resulting porous layer including 
5 inorganic pigment satisfy the above ranges, respectively. If the amount of the binder is less than the lower limit of the 
above range, the mechanical strength of the resulting porous layer including inorganic pigment becomes insufficient, 
which forms the cause of cracking and dusting. If the amount is greater than the upper limit of the above range, the pore 
volume of the resulting porous layer including inorganic pigment is reduced, resulting in a recording medium poor in ink 
absorbency. 

io [0059] A coating formulation is obtained by using the above-described inorganic pigment and binder. This coating for- 
mulation is applied to a substrate, whereby the porous layer including inorganic pigment can be formed. 
[0060] The coating formulation itself preferably has a pH of 3 to 7. When the porous layer including inorganic pigment 
is formed using a coating formulation having a pH lower than 3, the ink applied to the porous layer including inorganic 
pigment may tend to undergo color change in some cases. When the pH is higher than 7 on the other hand, the coating 

is formulation tends to increase its viscosity, and so its stability with time may be deteriorated in some cases. 

[0061] To the coating formulation, there may be further added a dispersing agent, thickener, pH adjuster, lubricant, 
flowability modifier, surfactant, antifoaming agent, water-proofing agent, foam suppressor, parting agent, mildewproof- 
ing agent and/or the like within limits not impeding the object of the present invention. 

[0062] The coating formulation on the substrate may be applied by a coating process using, for example, a blade coat- 
20 ing system, air-knife coating system, roll coating system, brush coating system, gravure coating system, kiss coating 
system, die coating system, extrusion system, slide bead {slide hopper) system, curtain coating system or spray coat- 
ing system. 

[0063] The coating weight of the coating formulation on the substrate may be suitably selected as necessary for the 
end application intended. If the coating film is too thin, the resulting porous layer including inorganic pigment fails to suf- 

25 ficiently absorb an ink applied, so that feathering or bleeding occurs on the porous layer including polymer particles of 
the upper layer. Therefore, such a too thin coating film is not preferred. If the coating film is too thick on the other hand, 
the strength of the resulting porous layer including inorganic pigment is lowered, and a defective coating film is formed 
upon applying or drying, so that portions incapable of securing a sufficient ink-absorbing capacity are partially formed 
in the resulting porous layer. In addition, the transparency of the porous layer is reduced, so that there is a possibility 

30 that the transparency of the resulting print or the brightness of an image to be formed on the resulting recording medium 
may be impaired. Therefore, such a too thick coating film is also not preferred. Thus, in order to secure a good absorb- 
ing capacity and keep the strength of an overall film, the thickness of the porous layer including inorganic pigment is 
preferably within a range of from 5 to 50 jim. 

[0064] The coating layer provided on the substrate is subjected to a drying treatment by heating as needed, thereby 
35 obtaining the porous layer including inorganic pigment. The aqueous medium (dispersing medium) is evaporated by the 
drying treatment, and at the same time a film is formed by crosslinking or fusion bonding between the alumina hydrate 
particles and the binder. The conditions of the drying treatment may be suitably determined according to the composi- 
tion of the coating formulation used. The drying is conducted by a hot-air drying oven, infrared drying oven or the like 
commonly used, or any combination thereof. 
40 [0065] No particular limitation is imposed on pigment inks for ink-jet used in the present invention. An outline thereof 
will hereinafter be given. 

[0066] The amount of a pigment component contained in the pigment inks used in the present invention is preferably 
within a range of from 0. 1 to 20 % by weight, more preferably from 1 to 1 2 % by weight based on the total weight of the 
ink. Any pigment may be used in the present invention. For example, as carbon black used in a black ink, may be men- 

45 tioned those produced in accordance with the furnace process or channel process and having such properties that the 
primary particle diameter is from 15 to 40 nm, the specific surface area is from 50 to 300 m 2 /g as measured by the BET 
method, the oil absorption is from 40 to 150 ml/100 g as determined by using DBP, the volatile matter is from 0.5 to 10 
%, and the pH is from 2 to 9. Examples of commercially-available carbon black having such properties include No. 
2300, No. 900, MCF88, No. 33, No. 40, No. 45, No. 52, MA7, MA8 and No. 2200B (all, products of Mitsubishi Chemical 

so Industries Limited), RAVEN 1255 (product of Columbian Carbon Japan Limited), REGAL 400R, REGAL 330, REGAL 
660R and MOGUL L (all. products of Cabot Company), and Color Black FW1, Color Black FW18, Color Black S170. 
Color Black S150, Printex 35 and Printex U {all. products of Degussa AG). As examples of pigments used in yellow, 
magenta and cyan inks, may be mentioned C.I. Pigment Yellow 1 , C.I. Pigment Yellow 2, C.I. Pigment YeJIow 3, C.I. Pig- 
ment Yellow 13, C.I. Pigment Yellow 16, C.I, Pigment Yellow 74 and C.I. Pigment Yellow 83, C.i. Pigment Yellow 142; 

55 CJ. Pigment Red 5, C.I. Pigment Red 7. C.I. Pigment Red 12, C.I. Pigment Red 48(Ca), C.I. Pigment Red 48(Mn), CI." 
Pigment Red 57(Ca), C.I. Pigment Red 1 12 and C.I. Pigment Red 122; and CJ. Pigment Blue 1, C.I. Pigment Blue 2, 
C.I. Pigment Blue 3, C.I. Pigment Blue 15, C.I. Pigment Blue 15:3, C.I. Pigment Blue 16, C.I. Pigment Blue 22, C.I. Pig- 
ment Blue 199, C.I. Vat Blue 4 and C.I. Vat Blue 6, respectively. However, the pigments are not limited to these pig- 
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ments. Those newly prepared for the practice of the present invention may also be used in addition to the above 
pigments. 

[0067] In order to improve the dispersibility of the pigments, a dispersing agent may be added. Examples of the dis- 
. persing agent include nonionic surfactants, anionic surfactants and water-soluble resins. When a known easy-dispers- 

s ing type pigment is used, any dispersing agent may not be added. 

[0068] It is desirable that the inks used in the present invention be adjusted to neutrality or alkalinity as a whole 
because the solubility of the water-soluble resin used as the dispersing agent is enhanced, so that the ink can be pro- 
vided as an ink far excellent in long-term storabiiity. In this case, it is more desirable that the pH be adjusted to a range 
of from 7 to 1 0 because too high alkalinity forms the cause that various parts used in an ink-jet recording apparatus may 

10 be corroded. 

[0069] The pigment and the water-soluble resin as a dispersing agent as described above are dispersed or dissolved 
in a liquid medium. 

[0070] An aqueous medium suitable for the inks used in the present invention is a mixed solvent of water and a water- 
soluble organic solvent. As the water, it is preferred to use ion-exchanged water such as deionized water, not tap water 
15 containing various ions. 

[0071] As examples of the water-soluble organic solvent optionally used in combination with water, may be mentioned 
alkyl alcohols having 1 to 4 carbon atoms, such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n- 
butyl alcohol, sec-butyl alcohol and tert-butyl alcohol; amides such as dimethylformamide and dimethylacetamide; 
ketones and ketone alcohols such as acetone and diacetone alcohol; ethers such as tetrahydrof uran and dioxane; poly- 

20 alkylene glycols such as polyethylene glycol and polypropylene glycol; alkylene glycols the alkylene moiety of which 
has 2 to 6 carbon atoms, such as ethylene glycol, propylene glycol, butylene glycol, triethylene glycol, thiodiglycol, hex- 
ylene glycol and di ethylene glycol; 1,2,6-hexanetriol; glycerol; lower alkyl ethers of polyhydric alcohols, such as ethyl- 
ene glycol monomethyl (or monoethyl) ether, diethylene glycol methyl (or ethyl) ether and triethylene glycol monomethyl 
(or monoethyl) ether; N-methyl-2-pyrrolidone; 2-pyrrolidone; and 1 ,3-dimethyl-2-imidazolidinone. 

25 [0072] The content of the water-soluble organic solvent in the ink used in the present invention is generally within a 
range of from 3 to 50 % by weight, preferably from 3 to 40 % by weight based on the total weight of the ink, while the 
content of water used is within a range of from 1 0 to 90 % by weight, preferably from 30. to 80 % by weight based on the 
total weight of the ink. 

[0073] The inks used in the present invention are prepared in the following manner. A pigment and a dispersing agent 
30 if needed are first added to an aqueous solution comprising a water-soluble organic solvent and water, and the mixture 

is stirred. A dispersion treatment is then conducted in accordance with a dispersing technique described below, and as 

needed, a centrifugation is carried out to obtain a desired dispersion. Compounds used in the present invention, or such 

components as mentioned above are then added to the dispersion. The resultant mixture is stirred to prepare an ink. 

[0074] In the preparation process, it is effective to conduct premixing for at least 30 minutes before the aqueous solu- 
35 tion containing the pigment is subjected to the dispersion treatment. This premixing operation serves to improve the 

wettability of the surface of the pigment and facilitate adsorption of a resin on the pigment surface when a water-soluble 

resin is contained. 

[0075] Any dispersing machine commonly used may be employed as a dispersing machine used in the present inven- 
tion. As examples thereof, may be mentioned ball mills, roll mills and sand mills. Of these mills, a high-speed sand mill 
40 is preferred. Specific examples thereof include Super Mill, Sand Grinder, Beads Mill, Agitator Mill, Grain Mill, Dyno Mill, 
Pearl Mill and Coball Mill (all, trade names). 

[0076] In the present invention, as methods of obtaining a pigment having a desired particle diameter distribution, may 
be mentioned techniques in which the size of a grinding medium in a dispersing machine is made smaller, in which the 
packing rate of a grinding medium is made higher, in which processing time is made longer, in which discharging rate 
45 is made lower, and in which classification is conducted by filter, centrifugal separator or the like after grinding. Any com- 
bination thereof may also be included. 

[0077] The dye optionally contained in the inks in the present invention may be any of the known water-soluble dyes 
typified by direct dyes, acid dyes, basic dyes, reactive dyes and food colors. There may be used, for example, direct 
dyes such as C.I. Direct Black 17, 19, 32, 51. 71, 108 and 146. C.I. Direct Slue 6, 22, 25, 71. 86, 90, 106 and 199, C.I. 

so Direct Red 1 , 4, 1 7, 28 and 83, and C.I. Direct Yellow 12, 24, 26, 86, 98 and 142; acid dyes such as C.I. Acid Black 2, 
7, 24, 26, 31, 52.63, 112 and 118, C.I. Acid Blue 9, 22,40,59. 93, 102, 104, 113, 117, 120, 167, 229 and 234, C.I. Red 
1, 6, 32, 37, 51, 51, 52, 80, 85, 87, 92, 94, 115, 180, 256, 31 7 and 315, and C.I. Acid Yellow 11, 17, 23, 25, 29. 42, 61 
and 71 ; and besides C.l. Basic Black 2. CI. Basic Blue 1. 3, 5. 7, 9, 24, 25. 26, 28 and 29, and C.I. Basic Red 1 , 2, 9, 
12, 13. 14 and 37; and Food Black 2. 

55 [0078] The above-mentioned dyes are examples of dyes particularly preferred for the inks applicable to the recording 
method of the present invention. The dyes for the inks used in the present invention are not limited to these dyes. The 
content of these dyes in the inks is preferably within a range of from 0.5 to 4.0 % by weight. 
[0079] The present invention will hereinafter be described more specifically by the following Examples. However, the 
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present invention is not limited to these examples. 

[0080] Incidentally, all designations of "part" or "parts" and "%" as will be used in the following examples mean part 
or parts by weight and % by weight unless expressly noted. 

5 Example 1: 

[0081 ] A transparent PET film (1 00Q80D, trade name, product of Toray Industries, Inc., transmittance: 88.74 %) hav- 
ing a thickness of 100 urn was used as a substrate. In order to form a porous layer including inorganic pigment on this 
substrate, a coating dispersion was prepared in accordance with the following process. Aluminum dodeoxide was first 

io hydrolyzed to prepare an alumina slurry. Water was added to the alumina slurry until the solids content of alumina 
hydrate reached 7.9 %. After a 3.9 % nitric acid solution was then added to this slurry to adjust the pH of the slurry, the 
slurry was aged to obtain colloidal sol. This colloidal sol was spray-dried at 75°C to obtain an alumina hydrate. The alu- 
mina hydrate was dispersed in ion-exchanged water to prepare a 15 % aqueous dispersion. Polyvinyl alcohol (Gohse- 
nol NH18, trade name, product of The Nippon Synthetic Chemical Industry Co., Ltd.) was then dissolved in ion- 

15 exchanged water to obtain a 1 0 % aqueous solution. The alumina hydrate dispersion and the polyvinyl alcohol solution 
were mixed so as to give a mixing ratio of 10:1 by weight, and the resultant mixture was stirred to prepare a coating 
dispersion. This coating dispersion was die-coated on the substrate using a coater and an hot-air drying oven and then 
dried (drying temperature: 140°C). thereby forming a porous layer including inorganic pigment having a thickness of 35 
nm. In this case, the pore diameter of the coating layer was 8 to 18 nm. 

20 [0082] A porous layer including polymer particles was then formed in the following manner. A coating formulation com- 
posed of an aqueous dispersion of a polyester resin (average particle diameter of resin in emulsion: 1.0 jam; minimum 
film-forming temperature: 100°C; glass transition temperature: 57°C; solids concentration: 30.0%) was die-coated on 
the porous layer including inorganic pigment using a coater and an hot-air drying oven and then dried (drying temper- 
ature: 60 a C) to form a porous layer including polymer particles having a thickness of 1 8 jam, thereby obtaining a record- 

25 ing medium. In this case, the pore diameter of the coating layer was 30 to 100 nm. 

[0083] A solid pattern illustrated in Fig. 7 and a linear pattern illustrated in Fig. 8 were printed on the recording medium 
thus obtained by means of an ink-jet printer equipped with a feeding mechanism. In this case, as the ink-jet printer, was 
used an experimental printer equipped with 4 heads each having 64 nozzles the orifice diameter of which was 40 x 40 
um. The printing was conducted at densities of 200 %, 300 % and 400 %. 

30 [0084] An ink used was a black single-color pigment ink having the following composition. The aggregate of primary 
particles of carbon black of the pigment had a particle diameter of SO to 250 nm. 



35 


Dispersion of carbon black (MCF88, trade name, product of Mitsubishi Chemical Industries Limited) 


20 parts 




Diethylene glycol 


5 parts 




Glycerol 


1 part 


40 


Ion -exchanged water 


68 parts 




Isopropyl alcohol 


1 part. 



[0085] In the recording medium, the degree of overlapping between the pore diameter distribution of the porous layer 
45 including polymer particles and the particle diameter distribution of the pigment component was 4.3 %. 

[0086] After completion of the printing, the recording medium printed was placed in a hot-air drying oven and held at 

1 40°C for 1 minute to heat-fix the pigment in the ink, thereby obtaining a print. In this case, the corners of the recording 

medium were held by a holding jig to prevent the print from curling. After the heat fixing, the print was cooled to room 

temperature and taken out of the jig. 
so [0087] The recording medium and print were evaluated as to the following items {1 ) to (7). The evaluation results are 

shown in Table 1 . In the present invention, the test samples were judged to be accepted in the case that there is no rank 

C in all the evaluation items. 



(1) Ink-absorbing speed (drying property): 

[0088] The time until a print sample before the fixing no longer became smeared even when the printed area of the 



Evaluation: 
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sample was lightly rubbed with a finger after the printing (single-color ink quantity: 400 %) was measured, and the sam- 
ple was evaluated in accordance with the following standard: 

A: Within 10 seconds; 
5 B: Within 60 seconds; 

C: Smeared even after 60 seconds. 

(2) Absorbing ability (resistant to feathering and beading): 

w [0089] The printed area of a fixed print sample was visually observed to confirm whether feathering and beading 
occurred. The absorbing ability of the recording medium sample was evaluated in accordance with the following stand- 
ard: 

AA: Neither feathering nor beading occurred in an ink quantity of 400 %; 

is A: Neither feathering nor beading occurred in an ink quantity of 300 %; 

B: Neither feathering nor beading occurred in an ink quantity of 200 %; 

C: Feathering and/or beading occurred even in an ink quantity of 200 %. 

(3) Ink-fixing ability (rub-off resistance, water fastness): 

20 

[0090] The printed area of a fixed print sample was rubbed with a cloth soaked with water, and the ink-fixing ability of 
the recording medium sample was evaluated in accordance with the following standard: 

A: No change occurred; 
25 C: Pigment attached to the cloth. 

(4) Transmission density (OD) of image after treatment: 

[0091] The optical density of image (in a single-color ink quantity of 400 %) of the printed area of a fixed print sample 
30 was measured from the printed side by means of a Macbeth densitometer RD-91 8. 

(5) Resolution of print image: 

[0092] A fixed print sample was projected by a illuminated photo display case (Schaukasten) for film projection to vis- 
35 ually observe the projected image. The resolution of the print image was evaluated in accordance with the following 
standard: 

A: A line pattern having a pitch width of 0.2 mm and a thickness of 0-1 mm was clearly resolved; 
B: Somewhat distorted; 
40 C: Remarkably distorted. 

(6) Storage stability (temperature, humidity) : 

[0093] A fixed print sample was placed in an environmental tester capable of holding at a temperature of 45°C and a 
45 relative humidity of 95 % and left to stand for 240 hours, and then the sample was taken out and observed as to print 
quality and the degree of color change (fading). The storage stability of the print sample was evaluated in accordance 
with the following standard: 

A: No change occurred; 
so B: Bleeding or fading occurred to a slight extent; 

C: Very conspicuous bleeding or absolute fading occurred. 

(7) Storage stability (light fastness, ozone fastness): 

55 [0094] A fixed print sample was left to stand indoors for 3 months to observe the degree of color change (fading). The 
storage stability of the print sample was evaluated in accordance with the following standard: 

A: No change occurred; 
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B: 
C: 



Fading occurred to a slight extent; 
Absolute fading occurred. 



Comparative Example 1 : 



5 



[0095] A recording medium was obtained in exactly the same manner as in Example 1 except that the porous layer 
including polymer particles was not provided as the upper layer. Printing was continuously conducted on this recording 
medium by the same ink-jet printer as that used in Example 1, and the ink applied was dried to obtain a print. The 
recording medium and print were evaluated as to the items (1) to (7) in the same manner as in Example 1 . The evalu- 
10 ation results are shown in Table 1 . 

Comparative Example 2: 

[0096] A recording medium was obtained in exactly the same manner as in Example 1 except that the degree of over- 
15 lapping between the pore diameter distribution of the porous layer including polymer particles as an upper layer and the 
particle diameter distribution of the pigment component in the ink was greater. In this case, the average particle diam- 
eter of the polyester resin used in the coating formulation for the porous layer including polymer particles of the upper 
layer was controlled to 6 *im. The drying temperature and the thickness of the resin layer were controlled to 60°C and 
18 nm, respectively. In this case, the pore diameter of the porous layer including polymer particles was from 120 to 360 
20 nm, and the degree of overlapping between the pore diameter distribution of the porous layer including polymer parti- 
cles and the particle diameter distribution of the pigment component was 58 %. Printing was continuously conducted 
on this recording medium by the same ink-jet printer as that used in Example 1, and the heat fixing was conducted in 
the same manner as in Example 1 to obtain a print. The recording medium and print were evaluated as to the items (1) 
to (7) in the same manner as in Example 1 . The evaluation results are shown in Table 1 . 



Comparative Example 3: 

[0097] A recording medium was obtained in exactly the same manner as in Example 1 except that the upper layer 
was changed to a porous layer including inorganic pigment. In this case, a silica gel layer was formed as the porous 

30 layer including inorganic pigment. A silica sol-containing coating formulation, which was composed of silica sol having 
a primary particle diameter of from 10 to 20 nm and a polyvinyl alcohol copolymer (R-Polymer R-1 130, trade name, 
product of Kuraray Co., Ltd.) having a silanol group and had a solids content of 5 % (copolymer/Si0 2 = 0.3), was used 
to form the silica gel layer. The coating formulation was die-coated on the lower layer by a coater, and then dried at 
140°C to provide the silica gel layer having a thickness of 10 ^m as the upper layer, thereby obtaining a recording 

35 medium. In this case, the pore diameter of the coating layer was from 5 to 1 5 nm. Printing was continuously conducted 
on this recording medium by the same ink-jet printer as that used in Example 1 , and the ink applied was dried to obtain 
a print. The recording medium and print were evaluated as to the items (1) to (7) in the same manner as in Example 1 . 
The evaluation results are shown in Table 1. 

40 Comparative Example 4: 

[0098] A recording medium was obtained in exactly the same manner as in Example 1 except that the upper layer 
was changed to a water-soluble resin layer. In this case, a 10 % aqueous solution of polyvinyl pyrrolidone (PVP K15, 
trade name, product of Gokyo Trading Co., Ltd.) was used as a coating formulation for forming the water-soluble resin 
45 layer. This coating formulation was die-coated on the lower layer at 80°C by a coater, and then heat- treated at 140°C 
to provide a polyvinyl pyrrolidone layer having a thickness of 5 as the upper layer, thereby obtaining a recording 
medium. Printing was continuously conducted on this recording medium by the same ink-jet printer as that used in 
Example 1 , and the ink applied was dried to obtain a print. The recording medium and print were evaluated as to the 
items (1) to (7) in the same manner as in Example 1. The evaluation results are shown in Table 1. 



[0099] A recording medium was obtained in exactly the same manner as in Example 1 except that the porous layer 
including polymer particles as an upper layer was changed to a layer composed of a polyurethane resin. In this case. 
55 an aqueous dispersion of a polyurethane resin (average particle diameter of resin in emulsion: 0.8 jim; minimum film- 
forming temperature: 110°C; glass transition temperature: 53°C; solids concentration: 30.0%) was used as a coating 
formulation for obtaining the porous layer including polymer particles of the upper layer. The drying temperature and the 
thickness of the resin layer were controlled to 60°C and 18 \im, respectively. In this case, the pore diameter of the 
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comnnZ, Z d T ^ ' ndUd,n9 particles and ,he P article diameter distribution of the pigment 

■ ^ J - ? eat f ' xin9 was C0nduc,ed in »" sa^e manner as in Example 1 to obtain a print The 

Example 3: 

" ,Knn rf' 1 "" eX8Ctly ,hS Same manner as m Exam P |e 1 e *<*Pt «* the porous layer 

n ? fl « ITT !?• 35 ^ UPP6r ' ayer W3S Chan96d t0 3 ,ayer com P° sed °< a ^ene-aorylie copolymer resin 
2?m mfnil ^ °' 3 Styrene - acrylic "P"*™ (««Be P^ticle diameter of resin emulsion 

1.2 prn Lmninun film-formmg temperature: 109°C; g)ass , ransition temperature: 53°C; solids concentration- 30 0%) 

. ing temperature and the thickness of the resin layer were controlled to 60'C and 18 m respective* In this case *e 
ZZZT 1 h 6 POT ° US J ayer indUdin9 P °' ymer parBcleS «" ,r0m 41 10 124 -n^- degree oTl^ P £g 
butn Tt^Tn, 7 ^ d ' StnbUti0n °' PW0US inC ' Udin9 P 0 '*™ P artldes and th ° P a «e diameteS 
sa Tin! 1 T 6 4 * Prin * 9 W8S "«"««^ coated °" this recording medium by the 

i Cl ' P T^f ' 31 ^ EXam ^ 6 1 ' and th6 h6at ,ixing ^ conducted in »* same manner as in Example 
1 to obtain apnnt The recordmg medium and print were evaluated as to the items (1) to (7) in the same manner as in 
Example 1 . The evaluation results are shown in Table 2. 

Example 4: 

[0101] A recording medium was obtained in exactly the same manner as in Example 1 except that the porous inor- 
? ™h M ay r 6 I aS K a 'T W3S Chan96d ,0 9 pOr0US Silica 8 el la ^ and c °"° idal si«ca (Adelte CT-1 00 
d^ll I * ^' Denka K ° 9y ° K KJ WaS used 35 inor9anic P artic,es - ln «* the thless and pore 

d.amete of the morgamc particle layer as a lower layer was 30 urn, and from 6 to 24 nm. respectively. For the porous 

hH™ 9 as an ^ ^ a Polymer resin layer having a thickness of 18 pm was forrn^ 

^tl l m a$ EXample 1 ,0 0btain 3 print The recordin 9 medium and P"- 11 "ere ^aluated as to 

the items (1) to (7) in the same manner as in Example 1. The evaluation results are shown in Table 2. 

Example 5: 

£ 1 f ?i A T^? m6diUm WaS * Wned exactly the «■"» manner as in Exam P |e 1 ex =ePt that the layer structure 
was changed to a stoicture that a polyester layer was formed directly on a substrate without providing any lower layer 

Lvrrlnrtnir^ 5 WaS COn,r0lled *° 40 ^ lnciden,al1 * ,he P° re diam eter of the porous 

^yerindud ng polymer particles was within a range of from 30 to 96 nm, and the degree of overlapping between the 
« pore diameter distribution of the porous layer including polymer particles and the particle diameter distribution of the 
pigment component was 4.6 %. Printing by the ink-jet printer and the heat fixing were conducted in the same manner 
as in Example 1 to obtain a print. The recording medium and print were evaluated as to the Hems (1) to (7) in the same 
manner as m Example 1 . The evaluation results are shown in Table 2. 

45 Example 6: 

inl! °nL^JT TS Z eni ^ C ° ndUCted in tHe Same manner aS in Example 1 exc ^ that 9 P f 9 m ^t- and dye-containing 
ink prepared by add.ng a dye component as a shading material to the pigment ink used in Example 1 was used A 
porous alumina layer as a lower layer and a polyester resin layer as an upper layer were formed in the same manner as 
so in Example 1 to obtain a recording medium. The ink used was an ink containing 1 .0 % of C.I. Food Black 2 as a dve 
component. Printing by the ink-jet printer and the heat fixing were conducted in the same manner as in Example 1 to 
obtain a print. The recording medium and print were evaluated as to the items (1) to (7) in the same manner as in Exam- 
ple 1 . The evaluation results are shown in Table 2. 

55 Example 7: 

[0104] An experiment was conducted in the same manner as in Example 1 except that the pigment ink was'changed 
to inks of yellow, magenta and cyan colors. A porous alumina layer as a lower layer and a polyester resin layer as an 
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upper layer were formed in the same manner as in Example 1 to obtain a recording medium. C.I. Pigment Yellow 74, 
CI. Pigment Blue 15 and C.I. Pigment Red 1 12 were used as pigment components to prepare the respective pigment 
inks. In this case, the aggregate of primary particles of each pigment had a particle diameter within a range of from 50 
to 300 nm. and the degree of overlapping between the pore diameter distribution of the porous layer including polymer 
s particles and the particle diameter distribution of the pigment component was 5.3 %. 

[0105] Printing by the ink-jet printer and the heat fixing were conducted in the same manner as in Example 1 to obtain 
a print. The recording medium and print were evaluated as to the items (1) to (7) in the same manner as in Example 1 
As a result, the recording medium was judged to be accepted like that of Example 1 . 

jo Example 8: 



[0106] A recording medium was obtained by forming a porous alumina layer as a lower layer and a polyester resin 
layer as an upper layer in exactly the same manner as in Example 1 except that the substrate was changed to a white 
polyester film (Lumirror, trade name, product of Toray Industries, Inc.) having a thickness of 1 00 urn. Printing by the ink- 
15 jet printer and the heat fixing were then conducted in the same manner as in Example 1 to obtain a print. The recording 
medium and print were evaluated as to the items (1) to (7) in the same manner as in Example 1 . Incidentally, the eval- 
uation as to (4) the image density was conducted by means of a Macbeth reflection densitometer RD- 1 255. As a result 
the recording medium was judged to be accepted like that of Example 1 . 

20 Example 9: 



[0107] In this example, porous layer including polymer particless different in pore diameter distribution from one 
another were formed with the average particle diameter of emulsion resin particles forming the upper layer varied from 
0.05 nm to 10.0 jim. Recording media were obtained by forming a porous alumina layer as a lower layer and an upper 
layer using an emulsion of a polyester resin having its corresponding particle diameter shown in Table 3 in the same 
manner as in Example 1 except for the above-described conditions. Printing by the ink-jet printer and the heat fixing 
were then conducted in the same manner as in Example 1 to obtain prints. The recording media and prints were eval- 
uated as to the items (1) to (7) in the same manner as in Example 1. The evaluation results are shown in Table 3 



30 Example 10: 



[01 08] In this example, a porous layer including polymer particf es as an upper layer was formed with a coating formu- 
lation composed of a mixture of two resins A and B in emulsions different in the average particle diameter of emulsion 
resin particles forming the upper layer from each other. A recording medium was obtained by forming a porous alumina 
layer as a lower layer and a porous layer including polymer particles as an upper layer in the same manner as in Exam- 
ple 1 except for the above-described conditions. In this case, the average particle diameters of a polyester resin A in 
emulsion and a polyester resin B in emulsion were 2.5 urn and 0.2 M m, respectively. These resin emulsions were mixed 
at a ratio of 5:1. The glass transition temperatures of the polyester resins in emulsions were both 57°C and the mini- 
mum film-forming temperature after the mixing was 100°C. The pore diameter of the resultant porous layer including 
polymer particles was within a range of from 26 to 121 nm, and the degree of overlapping between the pore diameter 
distribution of the porous layer including polymer particles and the particle diameter distribution of the pigment compo- 
nent was 6.1 %. 

[0109] Printing by the ink-jet printer and the heat fixing were then conducted in the same manner as in Example 1 to 
obtain a print. The recording medium and print were evaluated as to the items (1) to (7) in the same manner as in Exam- 
ple 1 . As a result, the recording medium was judged to be accepted like that of Example 1 

Example 1 1 



[01 10] An experiment was conducted in the same manner as in Example 1 except that in the heat fixing, a pressing 
treatment was conducted in addition to the heat treatment. In this example, a heated-roll laminator was used in the heat 
fixing. In this case, the surfaces of both rolls were smoothed, whereby the smoothness of the printed surface of the 
resulting print was enhanced. Alternatively, the surfaces of both rolls were matte-finished with a pitch of 0.5 urn and a 
depth of 0.5 M m, whereby a print having a low-reflective printed surface was obtained. The recording medium and print 

rrJTn 35 IlTrt ^ f ll t0 (7) in tHe 33016 mannef 35 Examp,e 1 " As a result ' the recordi "9 medium was 
judged to be accepted like that of Example 1 . 
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Table 1 


cvaiuanon item 


Ex. 1 


Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


(1) Ink-absorbing speed 


A 


B 


A 


B 


C 


(2) Absorbing ability 


AA 


B 


A 


A 


B 


(3) InMixing ability 


A 


C 


A 


C 


B 


(4) Optical density of image after 
treatment 


2.55 


2.40 


0.80 


1.99 


1.93 


(5) Resolution of recorded image 


A 


B 


C 


B 


B 


(6) Storage stability (temp., humidity) 


A 


B 


A 


B 


B 


(7) Storage stability (light fastness) 


A 


B 


A 


B 


B 


Judgment on evaluation 


Accepted 


Rejected 


Rejected 


Rejected 


Rejected 
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Table 2 



Evaluation item 


Ex. 2 


Ex. 3 


Ex.4 


Ex.5 


Ex.6 


(1) Ink-absorbing speed 


A 


A 


A 


A 


A 


(2) Absorbing ability 


AA 


AA 


AA 


A 


AA 


(3) Ink-f ixrng ability 


A 


A 


A 


A 


B 


(4) Optical density of image after treatment 


2.49 


2.46 


2.52 


2.54 


2.60 


(5) Resolution of recorded image 


A 


A 


A 


A 


A 


(6) Storage stability (temp., humidity) 


A 


A 


A 


A 


A 


(7) Storage stability (light fastness) 


A 


A 


A 


A 


A 


Judgment on evaluation 


Accepted 


Accepted 


Accepted 


Accepted 


Accepted 
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[01 1 1 ] According to the ink-jet recording method of the present invention, as described above, at least a porous layer 
including polymer particles is formed on a substrate, or the porous layer including polymer particles is formed after a 
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Zl rtlT h , k 9 . m ° r9 . an J C P ' 9mem iS ,0rmed 88 needed - 80 88 to contral ,h * degree of overlapping between the 
ment component in a pigment ink. whereby the pigment component is arranged in the vicinity of the surface oMhe 
EE? ' aye V nCl , Ud,n9 partc,8S when P rin «"9 is conducted wSh the pfgment ink, and so a print hSa hjh 

2^^^.„^ B .T ,fc T , T , ■ whereb y«^P^^»^is reliabfy fixed, and so the ^resistance 
bl^^Z ♦ ^! bS enhanC6d - Further ' when prin,i "9 is "«»«W wBh an ink containing 

both pigment component and dye component, both components can be uniformly arranged and fixed Therefore the 
present mventwn provides a print having good color tone and storage stability. 

" Scc^^J^I^ reCOrdin9 m6,h0d " WhiCh r6COrdin 9 is with « "nk comprising a pig- 

vwld theTn ,1 m!Z 9 med ' Um C ° mpriSing 8 Substra,e and a P° r0U8 la * er inc,udin 9 P°' v ™ Particles pro- 
vided thereon the method comprismg, ,n the case where the pore diameter distribution of the porous laver includino 

wSSZiZ Particle diameter dis,r b u S on of me pigment component are both USfiSSS 

.« d ' Strlb , Utl0n : * e steps °' formln 9 an >™9<> "P°n controlling a proportion of the frequency of the pore diameter 

a^ h^M^n * y "? 6 d ' ame,er ° f ,hfl P ° r0US ' ayer includin 9 P 0 '*™ P article * *> *™ *1 % to 10 % 
, and heat-treahng the porous layer including polymer particles after the formation of the image. 

Claims 

so 

1 ' !!L2E Zl n9 ,r ,h0d ln reCOrdn9 iS C ° ndUC,ed * an ink ram P ri£in 9 a com PO"^t on a 

SEZJT T' 8 " 19 3 ! UbStra,e aPd 8 P ° r0US lay6f inCludin 9 P"*"* P^*« Prided thereon, the 
method composing, ,n the case where the pore diameter distribution of the porous layer including polymer parfcles 

'ZZl^ ima9 . 6 T" 3 Pr ° P0rtiOn 0f frequency of ,he P° re diameter ° f *e porous layer includ- 

™? P nr^L Pa ? , 6S ' ? ° VerlapS ,h6 1*™* diame,er °< 'he pigment component, to the fre- 

h«Ml1In th d 'T 0< ,he P0rous layer includin9 P 0| y mer P ar,icles ,0 f ™ 0. 1 % to 10 %; and 

* heat-treatmg the porous layer including polymer particles after the formation of the image. 

2 ' ^mtJtlTZ^^ a 1 C ° 0rdin9 ,0 Claim 1 ' Wherein ,he P i9ment <=<»"P°nent is arranged within a range of 
from the surface of the porous layer including polymer particles to the depth of 5 „m. 

35 3 ' ,^,rttll r ! COrdin9 Tf 10 ! 3 , 000 ^" 9 ,0 Claim 1 ' wherein ,he P° re diameter distribution of the whole porous byer 
ncS Si 6 ' T * w Wi,hin 3 ran98 °' ' r0m 10 ,0 300 nm ' and ,he pore dia ™"* * »e Parous 5 

5 ' ,^ e »iH!" ie * eC0,din9 aC0Ordin9 '° C ' aim 1 ■ Wherein ,he con,ent of ,he P^nt component in the pigment 

.nk falls within a range of from 0.1 to 20% by weight based on the total weight of the ink. 

6. The ink-jet recording method according to Claim 1. wherein a porous layer including inorganic pigment is formed 
between the substrate and the porous layer including polymer particles. 



7. 



^^2^ me,HOd .I! 660 ?'"" t0 C ' aim 6 ' WhGrein a " ^a" 80 *^ cecity of the porous layer including 
so inorganic pigment is greater than that of the porous layer including polymer particles. 

8 ' 2Z™t^'' n l m ? h °Z T*" 1 ' t0 C ' aim * Wher6in a " ink - abso * in S ^ed of the porous layer including 
polymer particles is higher than that of the porous layer including inorganic pigment. 

55 9. The ink-jet recording method according to Claim 1 . wherein the ink comprises further a dye component. 

10. The ink-jet recording method according to Claim 9, wherein thedye component is passed through the pores of the 
porous layer includ.ng polymer particles and fixed into the porous layer including inorganic pigment. 
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1 1 . A print on a recording medium comprising a substrate and a polymer resin layer provided on the substrate, wherein 
a pigment component in an ink is fixed in the vicinity of the surface of the polymer resin layer, and a dye component 
in the ink is fixed on the substrate. 

5 1 2. The print according to Claim 1 1 , wherein the polymer resin layer is transparent. 

13. The print according to Claim 11, wherein the polymer resin layer is formed by making a porous polymer resin 
dense. 

io 14. A print on a recording medium comprising a substrate, a porous layer including inorganic pigment and a polymer 
resin layer successively formed on the substrate, wherein a pigment component in an ink is fixed in the vicinity of 
the surface of the polymer resin layer, and a dye component in the ink is fixed into the porous layer including inor- 
ganic pigment. 

is 1 5. The print according to Claim 14, wherein the polymer resin layer is transparent. 

16. The print according to Claim 14, wherein the polymer resin layer is formed by making a porous polymer resin 
dense. 
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FIG. 1 
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FIG. 3 
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FIG. 6 




A UNIT : nm 



FIG. 7 




22 




FIG. 10 



200 




FIG. 11 




BNSDOCID: <EP 0908324A1 J_> 



23 



EP 0 908 324 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 9245 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



PATENT ABSTRACTS OF JAPAN 
vol. 097, no. 003, 31 March 1997 
& JP 08 300802 A (CANON INC), 
19 November 1996 

* abstract * 

DATABASE UPI 

Section Ch, Week 9641 

Oerwent Publications Ltd., London, 6B- 

Class G05, AN 96-407461 

XP002D91263 

& JP 08 197833 A (CANON KK), 6 August 1996 

* abstract * 

EP 0 743 193 A (CANON KK) 20 November 1996 

* page 3, line 14 - page 5, line 5 * 

* page 5, line 51 - page 6, line 56 * 

* page 7, line 46 - line 54 * 
& JP 09 030116 A 

PATENT ABSTRACTS OF JAPAN 

vol. 096, no. 005, 31 May 1996 

& JP 08 002090 A (ASAHI GLASS CO LTD), 

9 January 1996 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol, 096, no. 001, 31 January 1996 
& JP 07 237348 A (ASAHI GLASS CO LTD), 
12 September 1995 

* abstract * 

-/-- 



Relevant 
to claim 



1,11,14 



1,11,14 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



B41M5/00 
B41M7/00 
C09D11/00 



1,11,14 



The present search report has been drawn up for all claims 



1,11,14 



Place ot starch 

THE HAGUE 



Data ol completion ol Tits March 

28 January 1999 



1,11.14 TECHNICAL FIELDS 

SEARCHED <lnt.CL6) 



B41M 
C09D 



Exam ha r 

Markham, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of tne earne category 
A : technological background 
0 : non-written disclosure 
P : intermediate document 



T : theory or principle undarfying the invention 
E : earlier patent document, but published on. or 

after the fling date 
0 : document cited in the application 
L : document cited tor other reasons 



4 : member of the same pateni family, corresponding 
document 



BNSDOC1D: <EP 090832 4A1_I_> 



24 



EP0 908 324 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 9245 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P.A 



Citation of document with indication, where appropriate 
of relevant passages 



DATABASE WPI 

Section Ch, Week 9425 

Derwent Publications Ltd., London GB* 

Class All, AN 94-205934 

XP002091264 

& OP 06 143797 A (MITSUBISHI PAPER MILLS 
LTD), 24 May 1994 

* abstract * 

EP 0 858 905 A (CANON KK) 19 August 1998 

* page 2, line 52 - page 5, line 8 * 

* page 5, line 25 - page 6, line 12 * 



Relevant 
to claim 



11,14 



1,11,14 



The present search report has been drawn up lor all claims 

Piac* ol Match 



THE HAGUE 



CATEGORY OF CITED DOCUMENTS 

X : particularly rel«v«m il Uken alone 

Y : particularly relevant if combined with another 

documanl of lha ume category 
A : technological background 
0 : non-wrinen disclosure 
P : intermediate document 



Oai* of completion of the auicri 

28 January 1999 



CLASSIFICATION OF THE 
APPLICATION (lnt,CU) 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



Markham, R 



T : tneory or pnnciple underlying the invention 
E : earlier patent document, but published on or 

after the Sling data 
0 : document cited in the application 
L : document cited lor other reasons 

4 oXurnem' ^ ^^^^•^^^^ 



BNSD0C1D:<EP 0908324A1 I > 



25 



EP 0 908 324 A1 



Am «JLJS J- E EtJR0PE AN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO 



EP 98 11 9245 



pean Pa,e„, 0«,ce . ,„ no way liabte fo r theM p^a* whicn are ^ 0 Ven ,o, ft. p urp0S6 0( lnformation . 



Patent document 
cited in search report 



Publication 
date 



EP 0743193 



20-11-1996 



EP 0858905 



19-08-1998 



Ii 



28-01-1999 



Patent family 
membar(s) 



CN 
JP 



Publication 
date 



1136503 A 
9030116 A 



27-11-1996 
04-02-1997 



EP 0858906 A 



19-08-1998 



! For more details about this annex : see Offoal Jcuma. of the European Patent Office, No. 12 /82 



BNSDOCID: <EP_090B324A1_L> 



26 



